The chemical control is the widely control method applied in Cameroon for pests and diseases by all the cocoa producers without technical suitable assistance by the State as before 1980'S. However, it is known that farmers have less knowledge on the good pesticides use for the control of a specific pest. The objective of this study was to provide insight in current pesticide use in the cocoa sector in Cameroon. A stratified sampling scheme was used. A total of 251 cocoa farmers, 20 post-harvest cocoa traders and 37 chemical retailers were randomly selected and interviewed. The study showed that 35 different chemicals were marketed in Cameroon for use in cocoa: 4 herbicides, 11 fungicides and 20 insecticides. Of 251 farmers consulted, 96.8% said that they use pesticides on their farms while 3.2% did not. Fungicides were used most often by farmers (61.8%) followed by insecticides (38.2%). Eight active ingredients although, officially banned, were still being used on cocoa farms. Over 77% of farmers do not respect the official spray recommendations for chemicals. Moreover, 64% do not respect recommended doses. Two main pesticide-supply-pathways exist in Cameroon: a legal and illegal supply chain, which provides 51% of pesticides to cocoa farmers, resulting in an estimated loss of value added tax for the Cameroonian government of about 550 000 to 2.4 million Euros per year. These results suggest that improved pests and diseases control by the State and raising farmer awareness about pesticide use in cocoa could greatly attribute to more sustainable cocoa economy in Cameroon.
INTRODUCTION
Introduced in Cameroon by the Germans in 1892 (Von Faber, 1907) , cocoa (Theobroma cacao) is being cultivated by more than 400.000 farmers on at least 400.000 ha (Losch et al., 1992; ICCO, 2007; Jagoret, 2011) . More recent yet so far unconfirmed data, suggest that the actual numbers are probably closer to 600.000 farmers and hectares. Annual production is around 200 000 tons of cocoa beans and peaked in the 2012-2013 season at over 230.000 tons.
However, production and revenues from cocoa could be substantially higher if the plant was not confronted with strong parasitic pressures, primarily diseases and insect pests. In Cameroon, the two main phytosanitary problems are black pod, caused by Phytophthora megakarya Brasier and Griffin, 1979 (Pythiales: Pythiaceae) and mirids, notably Sahlbergella singularis Haglund, 1895 (Hemiptera: Miridae) and Distantiella theobroma (Distant) (Hemiptera: Miridae). Phytopthora megakarya attacks cocoa pods while mirids cause severe damage to the cocoa canopy and can eventually even kill cocoa trees (Valet and Berry, 1997) . In certain production zones, losses due to diseases can reach 70 to 100% when no control efforts are in place (Despreaux et al., 1988; Ndoumbè-Nkeng, 2002; Ndoumbè-Nkeng et al., 2004) . Mirid attacks can cause up to 30 to 40% of production loss, again when no control efforts exist. Accumulation of mirid-damage over several years can cause even higher losses (Entwistle, 1972; Collingwood, 1977; Lavabre, 1977; Sonwa et al., 2005) . In order to reduce parasitic pressure to acceptable levels, farmers commonly use pesticides (Dormon, 2006; Tijani, 2006; Sonwa et al., 2008; Tadu et al., 2013) . Although effective, pesticides are potentially harmful to human health and damaging to the environment. In Africa and particularly in Cameroon, the farmer and/or his family often apply pesticides without any precautions, mainly due to inadequate knowledge of the potential dangers of products being applied and a lack of personal protective equipment (PPE) (Matthews et al., 2003; Tijani, 2006; Matthews, 2008; Asogwa and Dongo, 2009) . Pesticide residues in cocoa beans may also be harmful to consumers of cocoa products (Chan et al., 1995; Tijani, 2006; 2010; Asogwa and Dongo, 2009) . In recognition of these concerns, the use of pesticides in many countries is strictly regulated. In the European Union (EU), the main importer of Cameroonian cocoa, new legislation entered into force in September 2008 with respect to pesticides authorised for use within Europe and maximum levels of pesticide residues (MRLs) permitted in food and feedstuffs, including imported commodities such as cocoa (ICCO, 2008) .
Before and during the 1980's, production and commercialisation of cocoa beans in Cameroon was supervised by the State through the society for the development of cocoa (Société de Développement du Cacao, SODECAO). SODECAO granted subventions to cocoa farmers with the aim to stimulating the production of good quality cocoa beans. The State also provided technical assistance to farmers on the correct utilization of chemicals in cocoa orchards and controlled internal cocoa trade through the National Marketing Board for Commodities (l'Office National de Commercialisation des Produits de Base, ONCPB). Nowadays, these tasks are the responsibility of the National Office for Cacao and Coffee (Office National de Cacao et Café, ONCC) (Alary, 1996; Janin, 1996) . The economic crisis at the beginning of the 1990s led the State to liberalise the cocoa sector, in particular the internal trade of pesticides. This involved the suppression of subventions allocated to farmers, and the ceasing of technical and pesticide assistance such as purchasing, distributing, and applying chemicals (Alary, 1996; Coulibaly et al., 2002; Sonwa et al., 2002 Sonwa et al., , 2008 . Abandoned by the State, the application of pesticides by farmers continued, but without the necessary knowledge and/or training to ensure proper use. This situation has continued until today. What is more, since no technical assistance is provided and stocks of older and previously banned pesticides still exist, there is a real risk that these are still used in cocoa production and trade.
Since the 1990s, no exhaustive studies focusing on pesticides used within the Cameroonian cocoa supply chain has been undertaken. In order to ensure the sustainable development of the cocoa sector in Cameroon and continued commercialization of cocoa, which necessitates cocoa without high levels of residue above MRLs stipulated by importing countries, the use of pesticides for cocoa in Cameroon should be monitored on a regular basis. For example, it is important to know whether prohibited substances are still being used, and if official spray recommendations are being applied.
The objective of this study was to obtain information on those pesticides, in terms of products and their active ingredients, being used in the cocoa production chain, how they are supplied and the reasons for their utilization.
MATERIALS AND METHODS Study sites & survey methodology
This study was carried out in 21 localities (Figure 1 ) in the Centre, South, Littoral and South-west Regions, as the major cocoa production areas in Cameroon (Alary, 1996; ICCO, 2007; Jagoret, 2011) .
Field surveys focused on the three main stakeholder groups in the Cameroonian cocoa supply chain: farmers (F), post-harvest traders (PT) and chemical retailers (CR). Farmers were consulted during the period 15 to 29 June, 2007, CR and PT during the period 8 -19 January, 2008. A stratified sampling scheme was used and interviews were held, using a structured questionnaire, with a total of 308 individuals: 251 F, 37 CR and 20 PT ( Table 1 ). The sampling repartition between the various study sites and cocoa stakeholders was based on the target populations' density, belonged to cocoa great basins, pesticide availability (chemicals with their notice and/or chemical wrappers) and easy access or presence to CR and PT.
Questionnaires
The farmer questionnaire comprised two components: the first related to general information on the farmer and their farm, cocoa production and storage, the application of chemicals and information and training received on chemical use; the second related to information on individual chemicals, their manufacturer and supplier, why they are used and the manner in which they are used. This included details on the number of chemical applications per year, the use of pesticide mixtures (e.g. fungicide/insecticide) and the chemical formulation. Where possible, information on active ingredients, the supplier and the manufacturer of each chemical were also determined from labels on available chemical container(s). Those farmers not using pesticides were asked for the reason(s) why.
The PT questionnaire focussed on chemical treatment of beans. PT who confirmed that they undertook bean treatment were subsequently questioned about chemicals they used, their frequency of application and the method of application. The sources and extent to which they received information and training on proper chemical use were also determined. PT were consulted as to whether they were aware of the European Union regulations on pesticide use and maximum residue levels.
The CR questionnaire focussed on chemicals (e.g. insecticides, fungicides, herbicides, rodenticides, acaricides and mollucides) that they marketed for use in cocoa, whether they were officially registered to supply chemicals, the suppliers of their products and whether they provided or received information or training on proper chemical use. CR were also asked about the type of customers to whom they supplied chemicals for use on cocoa, and whether they or their organization were aware that new EU regulations concerning pesticide use and maximum residue levels were being introduced in Europe.
Data analysis
Data from the survey were manually processed and codified. Data were analyzed using univaried descriptive analysis. Application frequencies of pesticide applications were determined. Proportions were subjected to a Khi-2 test at P=0.05 using SAS (version 9.1; SAS Institute, 1987). 
RESULTS

Pesticide supply in Cameroon
All products used in cocoa are imported. Figure 2 shows their respective country of origin, the main manufacturer (companies) and the manner by which they are distributed in Cameroon. Pesticides were imported primarily from France (30.9%), Switzerland (14.0%), Norway (5.7%) and the USA (5.1%). Other countries provided 16.6% while 27.7% were from unidentified origin. The main manufacturers were Casa Bernado Ltda (18.4%), Arysta LifeScience (14.4%) and Syngenta (9.3%). Other companies provided 24.0%, while the manufacturer could not be identified for 33.9% (Figure 2 ). Pesticides were imported by local companies and subsequently distributed to chemical retailers (95% of all pesticides) or to farmer societies (5%). Farmers obtained their pesticides either through chemical retailers or farmer societies. It was notable that 27.7% of all pesticide products were from unknown origin, while an even higher percentage (39.9%) were from unknown manufacturer because the names of the companies were not available on the notice of the products consulted to check the information.
Although the post harvest traders obtain their pesticides exclusively through chemical retailers (Figure 2) , not all suppliers confirmed that they were officially registered in Cameroon. Furthermore, the 27% who were not registered supplied 51% of all of the pesticides identified in the study (Figure 2) .
A total of 28 different products are being marketed to cocoa farmers in Cameroon for use on their cocoa plantations (Table 2) . These include two herbicides, 10 fungicides and 16 insecticides. The active ingredients of the herbicides were glyphosate and paraquat. The active ingredients of the fungicides were essentially copper compounds and metalaxyl while the insecticides comprised a broad range of different active ingredient(s).
Pesticide use in Cameroon
Of the 251 farmers consulted, 243 (96.8%) used pesticides on their farms, while the rest (n=8; 3.2%) did not, primarily due to a lack of financial resources when pesticides are needed. Out of the 243 farmers who used pesticides, 172 (70.8%) were able to show some or all of the original chemical containers. The original packing allowed us to establish unequivocally the origin and manufacturer of the product. Although insecticides were the most varied class of pesticides, fungicides were most commonly used ( (Figure 3 ). In total, 136 (56.2%) and 25 (10.1%) of FR solely apply fungicides or insecticides, respectively while 82 (33.7%) of FR applied both.
The mean number of annual insecticide and fungicide applications was 4.3 ± 3.1 and 6.9 ± 4.8, respectively. However, our study revealed that for insecticides, 136 of FR (56.2%) did not apply any insecticides, 44 (18.0) % of FR applied only once, 40 (16.3 %) twice, 7 (2.8%) 3 times, 9 (3.9%) 4 times, 3 (1.1%) 5 times and 4 (1.7%) more than 5 times ( Figure 3A) . According to the farmers, 52 (21.3%) applied fungicides molecules twice at most, 49 (20.2%) applied Three to 5 times, 74 (30.3%) 6 to 8 times, 46 (18.9%) 9 to 11 times, 11 (4.4%) 12 to 14 times and 9 (3.5%) 15 to 17 and 3 (1.4%) more than 17 times ( Figure 3B ). The two principal reasons for using pesticides were to protect cocoa from black pod (67% of FR) or mirids (30% of FR). Three percent of the farmers declared that they apply the chemicals either to stimulate production, to combat wilt, to obtain shining pods and/or to clean the tree trunk. Concerning chemical mixture (dosage), 87 (36%) out of 243 farmers interviewed affirmed that they apply chemicals with respect to the recommended dose for chemicals used while 154 (64%) do not respect.
Cost of the mist pesticide management in Cameroon
In Cameroon, the average cocoa farm is about 1 hectare. Average prices for a single dose of fungicide or insecticide (one dose for a 15 l SLK sprayer) are around 1000 cfa. Approximately 15 to 25 tank loads of a 15 l SLK sprayer are necessary to treat one hectare. This means that per hectare between 15,000 and 25,000 cfa are needed for a single treatment. The results of this study show that the mean application frequencies for fungicides and insecticides are 6.9 and 4.3, respectively. Given that 69.1% of farmers in Cameroon apply fungicides and 42.8% insecticides, and the cocoa farmer population is conservatively estimated at 400.000 farmers, this means that annually over 1.900.000 fungicide treatments take place and over 730.000 insecticide treatments. Since 51% of the pesticides come through unofficial channels this means that the Cameroonian government looses the 6.5% of values added taxes (VAT) on approximately 954.000 fungicide and 368.000 insecticide treatments. When the treatment of a hectare costs between 15.000 to 25.000 cfa, this means a loss of between 930 and over 1.550 million francs CFA for the fungicides and between 358 and 598 million francs CFA for the insecticides. In the current market, this would entail a loss of between 550 thousand and around 2.4 million Euros of revenues for the Cameroonian government per year.
Post-harvest cocoa traders
Aluminium phosphide is applied to cocoa beans once a year by fumigation at the port of Douala in order to ensure bean conservation during transport. All post harvest cocoa traders interviewed asserted that they were knowledgeable with regard to Cameroonian and EU regulations concerning the chemicals that are approved for use on cocoa. They were also aware that new regulations have been introduced in Europe with regard to the level of chemical residues permitted in imported cocoa. 
DISCUSSION
In 1989, the Cameroonian institution (ONCB), which stabilised cocoa prices and provided subsidies and pesticides with the aid of bilateral and multilateral donors, was abolished (Sonwa et al., 2002) . In the 1990's, under pressure of the international community to implement policies intended to restore the economic and financial balance of Cameroon, the Cameroonian government abandoned almost all "aid programs" for cocoa farmers. Now, cocoa farmers became themselves responsible for buying and applying pesticides on their farms. Despite economic hardships, almost 96.8% of the interviewed farmers apply pesticides on their farms. The most commonly used pesticides are: fungicides, for the control of black pod and insecticides, for mirid control. Out of 251 interviewed farmers, 168 (67%) identified black pod and 75 (30%) identified mirids as the most serious constraints to cocoa production in Cameroon. Previous research proves them right (e.g. Valet and Berry, 1997). It also shows that farmers are aware of these problems and that they try to control them.
The differences in application frequency between insecticides and fungicides are related to the official spray recommendations. For control of black pod, treatments should be effectuated every two to three weeks, depending on the fungicide used, contact or systemic, respectively, while insecticides are to be applied twice a year. This difference reflects the seriousness of the problem as well as the biology/epidemiology of the disease and biology/ecology of the pest. For example, Phytophthora pod rot, caused by Phytophthora megakarya, causes higher losses than mirids (Nyassé et al., 1999; Ndoumbè-Nkeng and Sache, 2003; Ndoumbè-Nkeng et al., 2004) . This is explained by the fact that a large part of Cameroonian cocoa plantations consist of agroforestry systems with a high level of shade, which creates unfavourable conditions for mirids yet favourable ones for black pod (Babin et al., 2010 ). Yet, when looking in detail at the actual spray frequencies, we see that only a small part of the farmers who spray, 75 (16.3%) and 57 (23.3%) for insecticides and fungicides, respectively, seem to follow the official spray recommendations correctly (Figure 3) . Four insecticide applications for mirid control are recommended. Two during the pullulating period between July and August, with a three week spacing between applications while the third and fourth applications, again spaced three weeks apart should take place at the end of the harvest season, thus somewhere between December and February. Between May to November 10 to 12 fungicide applications are recommended, depending on production zone and whether a contact or systemic fungicide is used. For contact fungicides fortnightly intervals, and for systemic three week intervals are recommended (Memento de l'Agronome, by Ministère des affaires étrangères, 2002). The actual number of farmers that follow spray recommendations correctly is probably even lower than presented here, since application timing is also essential. Yet, in this study, no information relative to timing was gathered. In addition, many farmers, over 50%, did not respect recommended doses per SLK. On top of that, the use of banned active ingredient (s) (MINADER, 2008; 2013 , ICCO, 2008 on cocoa farms ( Table 2 ) also confirms that farmers seem to lack the information and/or training necessary for the proper use of pesticides on their cocoa farms. This situation is likely one of the consequences of the liberalisation of the cocoa sector in the early 1990s and particularly of the ensuing end of the technical assistance provided to farmers on the correct use of pesticides. Our findings support the previous several studies which reported that farmers and farm workers use chemicals in a hazardous way because they do not respect instructions and recommendations related to their adequate use (Sonwa et al., 2002 (Sonwa et al., , 2008 Dormon, 2006; Tijani, 2006; 2010) . This situation could continue to occur in our country despite the existence of the State regulation through a National Commission of the Pesticides Regulations because we observed (1) a low government intervention, and (2) most of the time, farmers do not know much about chemicals such as the choice and the respect of adequate ingredients, homologated in the country. For example, from our study, we noted that farmers don't know the annual list of approved pesticides for use in cocoa because it is not available at their level, according to the interviewed farmers' response. Thus, they asserted us that they always use the accustomed chemicals products or the available ones. We are aware that inside these pesticides, some ones are obsolete and other ones are banned for use on cocoa on the basis that the government and retailers of cocoa pesticides in Cameroon have in most cases not taken responsibility to provide training related to the proper use of pesticides for the cocoa farmers to enable them reach the end users with precautionary measures or respect of the regulation of their employment. According to the previous authors, this lack of information and/or formal training by farmers and farm workers about the homologated pesticides and their proper use of pesticides is one of the reasons why banned pesticides are still in use in Cameroon. To stop the use of these banned substances in cocoa production and to help avoid the major negative externalities their use engenders, health related, economic and environmental, it is essential that Ministry of Agriculture and Rural Development (MINADER) takes a leading role in raising farmer awareness and provides the information on the use of alternative pesticides.
Results show that a non-official pesticide supply chain provided 51% of the pesticides in use by cocoa farmers in Cameroon. Such a non-official supply chain, without official inspection explains the presence of unlabeled chemicals at farms which precludes basically their correct use. The macro-economic consequences are also non negligible. The cost of the mist pesticide management is another negative consequence of the liberalisation in Cameroon of the pesticide sector. Before the economic crisis in the early 1980s, the State ensured the purchasing, distributing and application of pesticides in cocoa agroforests. During this period, it was not possible that pesticides were provided through retailers that were not officially registered. As a result, no taxes were lost since the State regulated the cocoa sector and in particular the pesticides sector (trade and use). Alary (1996) and Janin (1996) noticed that the complete disengagement of the State in the cocoa sector has had negative consequences for the farmers because of their poor knowledge related to the nature of active ingredient approved for use on cocoa, their doses and application frequency and official costs of the pesticides.
The results show that several pesticides, especially herbicides and insecticides, although marketed for use by cocoa farmers are not used (Table 2) . Over 80% of cocoa orchards in Cameroon have dense canopies. In consequence, these plantations have high levels of shade and the soils are covered by cocoa leafs and twigs and do not permit lots of undergrowth, precluding the use of herbicides. Another reason might be that manual removal of herbs is considered less costly than using herbicides although this is debatable since the use of herbicides as a longer lasting impact than manual removal of herbs. The lack of use some insecticides: Dimethoate, Deltamethrin, Malathion and Aluminium phosphide could be due to the fact that these products are not commonly marketed for insect and more specifically mirid control.
The results presented here clearly show that only a small portion of Cameroonian cocoa farmers apply pesticides in accordance with the recommendations. This entails an economic loss to the farmers as well as to the state. In order to improve farmer and state revenues through increased cocoa productions, it is essential that farmers receive adequate information and training on pesticide use. Several mechanisms though which such training could take place exist. For example, The Sustainable Tree Crops Program (STCP), which is managed in Cameroon conjointly by the International Institute of Tropical Agriculture (IITA) and MINADER, provides the Cameroonian cocoa sector with a framework for collaboration between farmers, the global cocoa industry, local private sector, national governments, NGOs, research institutes, and development investors. Within this framework, the STCP farmer field schools (FFS) could be even more extensively exploited to aid the cocoa farmers with respect to pesticides use. In this way, the Cameroonian cocoa sector can attribute even more to the sustainable development of the Cameroonian economy.
